To investigate the effect of Ramadan fasting on the symptoms of chronic heart failure with a reduced ejection fraction (HFrEF). Globally, more than one billion Muslims fast during Ramadan. Data regarding the effect of fasting in heart failure patients with a reduced ejection fraction are limited.
Results:
We enrolled 249 patients, 227 (91%) undertook the fast for the entire month. During Ramadan, 209 (92%) patients remained hemodynamically stable, whereas 18 (8%) developed instability. The mean New York Heart Association (NYHA) functional class was significantly lower in the stable than in the unstable group (1.46±0.7 vs. 3.22±0.55, p<0.0001), although no intergroup differences were observed before Ramadan. Patients from the unstable vs. the stable group showed significantly less adherence to medications (67% vs. 94%, p<0.0001) and to diet (39% vs. 79%, p<0.0001), and a lower likelihood of demonstrating ischemic cardiomyopathy as an underlying etiology of HFrEF (33% vs. 57%, p=0.046). Dependent t-test analysis including all patients showed that the NYHA classification before Ramadan was significantly higher than during Ramadan (2.19±0.9 vs. 1.6±0.8, t-value 8.5, p<0.0001).
Conclusion:
In most patients with chronic HFrEF, Ramadan fasting is considered safe. Non-adherence to medication and diet are significantly associated with decompensated heart failure during Ramadan. T he holy month of Ramadan is the 9th month of the Islamic calendar. Ramadan fasting is considered one of the 5 fundamental pillars of the Islamic religion. Most Muslims worldwide voluntarily abstain from any food, drink or oral medications between dawn and sunset during this holy month. Although patients diagnosed with chronic illnesses are exempt from fasting based on religious dictates/principles, most patients voluntarily choose to fast. 1 During this period, it is observed that the dietary habits and daily lifestyle of an individual undergo significant alterations in terms of the daily caloric intake obtained from 2 meals eaten during the night, and this is associated with changes in sleeping patterns.
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1,2 Several reports have shown that patients with cardiovascular diseases such as coronary artery disease , hypertension, and atrial fibrillation can safely fast without a consequent risk of the development of acute cardiac events. [3] [4] [5] Additionally, a few studies have reported that patients diagnosed with acute heart failure remain stable with no deterioration following fasting for religious purposes. 6, 7 However, no prospective study has investigated the effect of Ramadan fasting on the symptoms of chronic heart failure with a reduced ejection fraction (HFrEF). We hypothesized that in patients diagnosed with chronic HFrEF, Ramadan fasting is safe and is not associated with significant changes in the symptoms of HF or an increased risk of cardiac events.
Methods. Study design and population. We conducted a prospective observational study carried out in the central province of Saudi Arabia between February and July 2017. We enrolled 272 patients diagnosed with chronic HFrEF who had been regularly followed-up at HF clinics. Exclusion criteria were: patients newly diagnosed with HFrEF (diagnosed <3 months prior to the enrollment to the study), those with advanced HF (at least 2 emergency department visits/hospitalization in the last 3 months prior to enrollment or 3 emergency department visits 6 months prior to enrollment), and those diagnosed with left ventricular ejection fraction (LVEF) ≥40%. 8 All patients provided voluntary consent to participate in the study after receiving adequate information on the aims and methods of the research that were to be used. The study protocol was duly approved by the institutional Board and the regional Ethical committee.
Demographic data collection. Basic demographic variables/data were obtained from patients during the interview/ history-taking at the HF outpatient clinics. The following information was documented: medical history of hypertension, dyslipidemia, diabetes, smoking status, family history of premature coronary artery disease, history of previous coronary revascularization procedure(s), current medication intake, HF symptoms based on the New York Heart Association (NYHA) Functional Classification, and the occurrence of palpitations and/or chest pain. 9 Furthermore, we obtained information from patients' medical records regarding the etiology of HF (ischemic or non-ischemic), any previous history of the placement of cardiac resynchronization therapy (CRT) and/or an implantable cardioverter-defibrillator (ICD).
Ischemic cardiomyopathy was defined as the presence of ≥70% stenosis of the epicardial coronary arteries with a history of myocardial infarction or the occurrence of coronary revascularization procedures.
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Results of electrocardiography, echocardiography, and laboratory investigations. We performed electrocardiographic examination to assess the heart rhythm and to determine the presence of a left bundle branch block. We performed echocardiographic examination to assess the left ventricular size and EF, the grade of diastolic dysfunction, to detect the presence of any valvular heart disease, and to measure the pulmonary artery systolic pressure. We also performed laboratory investigations to assess the levels of the N-terminal pro-brain natriuretic peptide, hemoglobin, and the lipid profile.
Follow-up of heart failure symptoms. Follow-up of the clinical data was performed by telephonic interviews during Ramadan and the month preceding and following this period. These interviews were conducted by a trained physician who obtained the following information: NYHA functional classification of dyspnea, any changes in HF symptoms, medication and diet adherence, and episodes of acute HF requiring emergency department visits or hospital admission. Patients considered to be drug non-adherent if the taken pills were less than 80% of the total prescribed HF pills for more than 7 days. 11 Furthermore, the nonadherence to diet was defined as non-compliance with salt and fluid restriction as recommended by the health care provider for more than 7 days.
Statistical analysis. Categorical variables were expressed as frequencies, and quantitative variables Disclosure. Authors have no conflict of interests, and the work was not supported or funded by any drug company.
were expressed as mean±standard deviation. A 2-sample t-test was used to analyze normally distributed continuous variables, while the chi-squared test was used for categorical variables to compare the NYHA classifications (prior to and during fasting), the echocardiographic and electrocardiographic data, and the compliance to medications between the fasting and the non-fasting groups. The same variables were compared between the stable and the unstable groups using the same model. Dependent t-test analysis was used to compare the NYHA classifications of the same patient prior to and during fasting. A p-value of <0.05 was considered statistically significant. All statistical analyses were performed using the Statistical Package for the Social Science (SPSS) software version 19.0 (IBM Corp., Armonk, NY, USA).
Results. Clinical characteristics. We enrolled 272 patients in the study. However, 23 were excluded, because it was not possible to follow up with these individuals. Out of the 249 patients who completed the follow-up, 227 (91%) patients undertook a fast for the entire month, whereas 22 (9%) either could not fast or discontinued fasting. Baseline clinical characteristics of patients (fasting vs. the non-fasting group) are shown in Table 1 .
The non-fasting group, comprising 22 (9%) patients, showed a higher statistically significant NYHA functional classification (2.7±0.7 vs. 2.2±0.9, p<0.0001), a lower adherence to drugs administered for HF (50% vs. 92%, p<0.0001) and to a strict diet (27% vs. 76%, p<0.0001), when compared to the fasting group. Other baseline characteristics did not show statistically significant intergroup differences (Table 1) .
Changes in symptoms observed during Ramadan. During Ramadan, 209 (92%) patients remained stable (either showed no changes or showed an improvement in their NYHA functional classification), whereas 18 (8%) showed the onset of hemodynamic instability (worsening of HF symptoms) with a mean NYHA functional classification of 1.46±0.7 vs. 3.22±0.55 (p<0.0001). No statistically significant intergroup differences were noted in the NYHA functional classification prior to Ramadan (Table 2) .
Patients with symptoms that were getting worse showed significantly less adherence to drugs administered to treat HF (67% vs. 94%, p<0.0001) and a strict diet (39% vs. 79%, p<0.0001) during Ramadan, and a lower likelihood for ischemic cardiomyopathy to be the underlying etiology of HF (33% vs. 57%, p=0.046). The other baseline characteristics did not show statistically significant intergroup differences (Table 2) .
Dependent t-test analysis, which includes all patients, showed that the NYHA functional classification grades observed prior to Ramadan were significantly higher than those observed during Ramadan (2.19±0.9 vs. 1.6±0.8, t-value= 8.5, p<0.0001) (Figure 1 ).
Discussion. The effect of Ramadan fasting on HF symptoms in patients with HFrEF was investigated. The NYHA functional classification improved or remained unchanged in 92% of patients who undertook a fast during Ramadan. Furthermore, we observed that patients who were experiencing deteriorating HF symptoms showed statistically significant nonadherence to medications, and/or a lower likelihood of adhering to a strictly controlled diet prescribed for HF patients.
Ramadan fasting significantly affects the lifestyle of individuals, secondary to the reduced frequency of meals and the consequent consumption of larger amounts of calories overnight. Notably, the difficulty in maintaining 8 to 12 hour dosing intervals for several medications administered during this month may cause variable therapeutic effects in patients due to unpredictable pharmacodynamics of medications with shorter intervals. 11, 12 It is noteworthy that hospitalized patients with decompensated HF showed a 12-month all-cause mortality rate of approximately 17% and rehospitalization rate of approximately 44%. 13 Multiple factors are known to trigger acute HF symptoms such as the non-adherence to drugs/diet, acute coronary syndrome, infection, and/or tachyarrythmias. 14 We observed that the non-adherence to drugs/diet was the most important factor precipitating decompensated chronic HF, which necessitated re-hospitalization in patients who undertook a fast during Ramadan. Although intermittent fasting over a period of several days and alternate-day fasting result in the improvement of cardiovascular health, a few reports have suggested that skipping meals or that the consumption of a large single meal per day worsens the morning glucose tolerance and lipid profile, when compared to an isocaloric diet distributed across 3 meals. [15] [16] [17] [18] Several studies investigated the relationship between Islamic fasting and cardiovascular diseases. Kul et al 19 performed a meta-analysis of 30 studies and reported that Ramadan fasting demonstrated a positive effect on cardiovascular risk factors. Furthermore, Al Suwaidi J et al 4 reported no significant detrimental effects in patients with stable cardiovascular diseases during Ramadan fasting. However, in contrast to our study, this study defined HF based on the clinical diagnosis; thus, most enrolled patients showed heart failure with a preserved ejection fraction (HFpEF) (mean EF=51%). Al Suwaidi J et al 7 also performed a retrospective analysis, which showed that the number of hospitalization required in patients with congestive HF during Ramadan fasting was not significantly different when compared to those required in patients during the non-fasting months. Similarly, a recent report by Salam AM et al 6 showed that patients presenting with acute HF during Ramadan demonstrated significantly less symptoms, although immediate or long-term outcomes did not show statistically significant differences. Interestingly, this study reported an observation that differed from that of our study. They observed that ischemic HF showed a significant worsening of symptoms during Ramadan than that observed with non-ischemic cardiomyopathy. These discrepancies might be explained by the difference in the patient inclusion criteria employed by the studies (clinical diagnosis of HF vs. the use of HFrEF as a diagnostic criterion employed in our study). This study highlights the importance of patient education regarding diet/drug control to reduce the occurrence of decompensated HF during Ramadan fasting. Additionally, physicians should consider alterations in drug regimens such as institut ing once-daily dosing to replace multiple-daily dosing of medications.
Study limitations. 1) Climatic conditions, and therefore, fasting hours differ between regions (15-16 hours in our study). Therefore, our results are not generalizable to regions with a cold climate or a different season; 2) A longer follow-up period is necessary to study the outcome of fasting on hospitalization occurrences or death; 3) Patients with an EF ≥40% were excluded from our study, thus, the results of our study may not be applicable to patients with HFpEF; 4) The number of patients included in the study was small. Therefore, further multi-regional studies involving a larger sample size, and long-term follow-up are warranted to analyze and conclusively establish the effect of fasting in different geographical locations (variable climatic conditions) in patients with HF.
In conclusion, Ramadan fasting is considered safe in most patients with HFrEF. Appropriate patient education explaining the importance of medication compliance for drugs administered for the management of HF and the need for a low-sodium and fluid-restricted diet needs to be emphasized prior to undertaking Ramadan fasting during the Holy month. 
